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PREFACE 


This  final  report  is  submitted  to  the  U.S.  Army  Medical  Research  Acquisition  Activity  as  a 
summary  of  work  conducted  for  the  Phase  II  contract  No.  DAMD17-90-C-0082,  entitled  "TRI-ELISA 
FOR  SIMULTANEOUS  ANALYSIS  OF  THREE  ANALYTES"  issued  from  Walter  Reed  Aimy 
Institute  of  Research  (Dr.  Robert  Wirtz,  Contracting  Officer's  Technical  Representative).  Jt  contains  a 
logical,  efficient  and  potentially  productive  approach  for  improving  an  existing  analytical  assay  for 
malarial  sporozoites  in  mosquitos.  The  resulting  assay  can  be  used  by  the  World  Health  Organization  for 
epidemiological  studies  designed  to  monitor,  and  through  preventative  mechanisms,  potentially  eradicate 
this  disease  which  currently  threatens  approximately  56%  of  the  world's  population. 

As  Contractor,  Bio-Metric  Systems,  Inc,  independently  and  not  as  an  agent  of  the  Government, 
has  furnished  the  necessary  personnel,  facilities,  equipment  and  supplies,  and  otherwise  exerted  its  best 
efforts  to  do  all  the  things  necessary  for  or  incident  to  the  accomplishment  of  the  Government’s 
requirement  set  forth  in  the  subject  Contract 


Bio-Metric  Systems,  Inc.,  (BSI)  offers  personnel,  experience  and  facilities  highly  suitable  for  the 
assessment  and  advancement  of  the  "state  of  the  art"  in  surface  modification,  as  it  pertains  to  biological, 
toxin  and  chemical  agent  detection  or  to  improvements  in  biocompatibility  of  implantable  medical 
devices.  Questions  concerning  the  technical  aspects  of  this  work  effort  should  be  directed  to  the 
undersigned  or  to  Sheryl  G.  Hohle,  Principal  Investigator.  For  administrative  matters,  please  contact  the 


undersigned. 


Patrick  E.  Guire, 

Senior  Vice  President/Chief  Scientific  Officer 
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ABBREVIATIONS  USED  IN  THIS  REPORT 


Antigens: 

°v2 1 0  Plasmodium  vivax  variant  210 

V  Plasmodium  falciparum 

PfL&H  Plasmodium  vivax  variant  247 

BC  boiled  casein 

CS  circumsporozoite 

Enzymes  and  Substrates: 

(3-gal  |}-galactosidase 

ONPG  o-nitrophenyl  galactopyranoside  ({3-gal  substrate) 

AP  alkaline  phosphatase 

HRP  horseradish  peroxidase 

TMB  3,3',5,5'-tetramethylbenzidine  (HRP  substrate) 

Buffer: 

TNT  50  mM  Tris,  150  mM  NaCl,  0.05%  Tween  20,  pH  7.2 
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I.  Purpose  and  Scope  of  Research  Effort 

The  goal  of  this  research  effort  was  to  develop  a  three-enzyme  ELISA  system  in  which  three 
malarial  analytes  can  be  quantitated  concurrently  from  a  single  biological  sample.  During  the  Phase  I 
effort  we  were  able  to  develop  a  non-quantitative  tri-ELISA  that  was  capable  of  differendating  between 
three  Plasmodium  antigens/antibodies  previously  identified  and  optimized  by  Dr.  Robert  Wirtz  at  the 
Walter  Reed  Army  Institute  of  Research.  During  this  Phase  II  effort,  we  improved  and  optimized  the 
system,  and  provided  both  antibody  pre-coated  microplates  and  final  kits  for  analysis  by  Dr.  Wirtz.  The 
resulting  system  provides  an  efficient  and  potentially  productive  approach  for  improving  an  existing 
diagnostic  assay  for  malarial  sporozoites.  The  assay  can  be  used  by  the  World  Health  Organization  for 
epidemiological  studies  designed  to  monitor,  and  through  preventative  mechanisms,  potentially  eradicate 
a  disease  which  currently  threatens  greater  than  56%  of  the  world's  population. 

EL  Overall  Progress. 

The  technical  objectives  of  this  Phase  II  project  were  to:  1)  optimize  chemistries  enabling  the 
immobilization  of  monoclonal  capture  antibodies;  2)  determine  stability  of  the  capture  antibodies  on  the 
pre-coated  plate;  3)  reduce  non-specific  protein  adsorption,  and  therefore  improve  signal  to  noise  ratio 
and  reduce  the  number  of  steps  in  the  ELISA  procedure;  4)  optimize  assay  conditions  for  the 
simultaneous  measurement  of  three  enzyme/chromogen  systems:  5)  determine  stability  of  the  antibody, 
antigen  and  substrate  components  for  the  final  diagnostic  kit  system;  6)  determine  detection  limits  of  the 
tri-ELISA  using  mosquitos  and  human  serum;  and  7)  prepare  test  kits  for  independent  laboratory 
evaluation  of  mosquitos  infected  with  Plasmodium  (detecting  sporozoites)  and  human  serum  samples 
(detecting  anti-Plasmodium  antibodies).  While  the  majority  of  this  work  was  successfully  completed,  the 
DOD  was  unable  to  supply  us  with  sporozoite  samples  or  with  human  serum  samples  due  to  the 
associated  health  hazards.  Therefore,  objective  number  six  was  deferred  to  Dr.  Wirtz  at  the  Walter  Reed 
Army  Institute  of  Research. 

This  Phase  II  study  was  designed  to  answer  the  following  questions:  1)  Will  pre-coated  plates 
provide  more  stability,  improved  signaknoise  ratio,  and  greater  ease-of-use?  2)  Can  the  three  enzyme- 
antibody  conjugates  which  we  propose  work  at  a  sufficient  activity  level  to  be  sensitive  in  the  proposed 
format?  3)  Are  the  optimal  stabilities  for  each  component  and  for  the  whole  kit  practical  for  the  intended 
field  use?;  and,  4)  Will  the  complete  tri-ELISA  assay  kits  demonstrate  utility  when  tested  with  mosquitos 
and  human  serum  samples?  This  final  report  outlines  the  affirmative  answers  to  these  issues  and 
describes  the  preparation  and  use  of  the  final  malaria  kit 

The  malaria  kit,  shown  in  Figure  1  and  detailed  in  the  attached  instruction  "booklet,"  is  actually 
comprised  of  three  separate  assays.  The  goal  of  this  project  was  tc  prepare  a  kit  which  could  be  used  for: 
1)  the  visual  or  instrumented  screening  of  mosquito  samples  for  the  presence  of  any  one  or  all  of  three 
Plasmodium  species;  2)  the  specific  quantitative  instrumented  analysis  of  any  "positive"  sample  for  one  of 
the  three  malarial  sporozoites;  and  3)  the  analysis  of  human  serum  samples  which  contain  anti- 
Plasmodium  IgG.  We  refer  to  these  assays  as  the  "Tri-ELISA,"  the  "Quantitative  ELISA,"  and  the 
"Human  Serum  ELISA,"  respectively.  Collectively,  they  are  referred  to  as  the  "Malaria  Kit."  Each  of  the 
separate  assays  shares  components  with  the  other  assays,  thus  making  the  kit  format  logical  and  efficient. 

In  designing  the  kit,  several  product  attributes  were  considered  desirable.  First,  we  intended  to 
make  the  system  user-friendly,  requiring  as  few  steps  as  possible,  with  color-coded  labels  to  prevent 
confusion.  A  second  desirable  characteristic  was  that  the  reagents  should  be  relatively  safe,  with  no 
highly  toxic  or  carcinogenic  compounds.  Third,  the  completed  assay  should  yield  colors  and  color 
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combinations  that  can  easily  be  visualized  by  eye,  or  that  can  be  read  conclusively  using  a  plate  reader; 
i.e.,  no  precipitating  substrates,  and  the  colors  must  be  as  close  to  primary  colors  as  possible.  Finally,  the 
components  must  be  stable  to  storage  for  at  least  1  year  at  4°C.  Each  of  these  attributes  was  successfully 
achieved  during  this  Phase  II  project  effort. 

The  development  of  a  Malaria  Kit  required  the  optimization  of  6  basic  components:  1)  antigens; 
2)  pre-coated  antibody  plates;  3)  HRP-antibody  conjugates;  4)  enzyme  conjugate  cocktail;  5)  HRP 
substrate;  and  6)  common  substrate.  Extensive  studies  were  conducted  on  each  component  to  determine 
optimal  conjugation  methods,  stabilization  chemistries,  formats,  and  ease-of-use.  The  details  of  the  many 
attempts  are  contained  in  previous  technical  progress  reports.  Final  methods  were  chosen  based  on  those 
chemistries  that  yielded  optimal  results  when  used  in  combination  with  other  kit  components.  The 
reviewer  can  refer  to  the  kit  instruction  booklet  for  details  pertaining  to  each  assay  system,  protocols,  and 
component  composition. 


FIGURE  j.  THE  MALARIA  TEST  KIT.  The  complete  lut.  shown  in  the  top  photograph,  is  comprised  of  the  following  components: 
2  pre -coaled  antibody  plates.  8  plate  scalers,  1  lyophilized  P\  210  antigen  (red).  1  lyophili/ed  Pf  antigen  (yellow),  1  lyophilized  P> 247 
ii  L,gen  (blue).  1  lyoph.ii/cd  enzyme  conjugate  cocktail,  I  liquid  Pi210-HRP  conjugate,  I  liquic  °/HRP  conjugate.  1  liquid  P\*.4l  HRP 
conjugate,  1  liquid  anti  hum..n  jgG  HRP  conjugate.  I  lyophilized  common  substrate.  I  HRP  substrate,  and  detailed  kit  instructions, 
■pv  ,e  components  whien  arc  used  lor  the  tn-EUSA  arc  shown  in  the  lower  photograph  All  components  contained  in  this  kit  arc 
csoccted  to  remain  stanie  for  a  minimum  of  1  year  when  stored  at  4°C 
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Final  Malaria  Kit  Evaluation.  Samples  of  the  completed  kits  were  evaluated  for  their  sensitivity  in 
both  the  Tri-ELISA  and  Quantitative  ELISA  formats.  The  Human  Serum  ELISA  was  not  tested  due  to 
lack  of  sero-positive  samples.  However,  the  components  of  this  assay  were  tested  for  background  noise, 
and  for  activity  us:ng  sero-negative  human  serum. 

Tri-ELIS  L  The  tri-ELISA  was  performed  with  both  the  kit  antigens  and  freshly  prepared 
antigens.  Photographs  of  the  completed  tri-ELISA  are  shown  in  Figure  2.  Graphed  results  of  this  same 
assay  are  shown  in  Figure  3.  For  this  assay,  substrate  incubations  were  conducted  for  30  minutes  at  37°C 
for  the  common  substrate  and  at  RT  for  the  HRP  substrate.  Using  fresh  antigens,  the  assay  sensitivities  in 
this  screening  test  were  0.39  ng/ml  for  Pj  and  Pv210,  and  7.8  ng/ml  for  Pv 247  using  the  plate  reader.  By 
eye,  color  was  observed  down  to  the  0.78  -  1.56  ng/ml  range  for  Pj  and  Pv210.and  15.6  ng/ml  for  Pv247. 

Quantitative  FI  .IS  A.  An  ELISA  was  also  run  according  to  the  kit  instructions,  using  both  the  kit 
antigens,  and  freshly  prepared  antigens.  Results  of  the  quantitative  ELISA  after  incubation  with  TMB 
substrate  at  RT  for  30  minutes  are  given  in  Figure  4.  Using  fresh  antigens,  the  assay  sensitivities  were 
3.13  pg/ml  Pv210, 12.5  pg/ml  Pj  and  <  7.8  ng/ml  Pv 247.  When  analyzing  these  results,  it  is  important  to 
point  out  that  the  kit  will  most  likely  be  used  to  test  for  the  presence  of  malarial  sporozoites;  therefore  the 
activity  of  BC-antigen  does  not  necessarily  reflect  the  ability  of  the  assay  to  detect  the  natural  analyte. 
One  can  see  from  the  results  that  the  lyophilized  BC-PV247  has  lost  activity  relative  to  a  non-lyophilized 
conjugate;  the  use  of  fresh  BC-antigens  is  more  representative  of  the  assay’s  true  sensitivity.  An 
additional  point  should  be  made  concerning  this  assay;  the  background  absorbances  are  higher  than 
typically  seen.  This  is  likely  due  to  a  faulty  plate  washer  on  the  day  this  assay  was  run.  If  background 
color  does  become  a  problem  in  these  assays,  a  blocking  protein  such  as  BSA  may  be  added  at  1%  to 
improve  the  signal  to  noise  ratio. 

HL  Problem  Areas. 

There  are  no  problem  areas. 

IV.  Work  to  be  Accomplished. 

All  work  is  complete  for  this  contract. 

V.  Administrative  Comments. 

There  are  no  additional  comments. 

VI.  Gantt  Chart. 

See  attached. 
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FIOt'RE  2.  PHOTOGRAPHS  OF  COMPLETED  TRI-ELISA.  An  Assay  using  fresh  anugcn  was  run  as  diagrammed  in  the  map 
sv  *n  at  the  top  of  tlx  pige  The  common  substrate  was  added  to  each  well  of  the  plate  3nd  allowed  to  incubate  at  37°C  for  30  minutes 
Af'-r  'cading  the  plate  at  A5~0  and  A405.  and  taking  the  first  photograph  (red.  >el!ow).  HRP  substrate  was  added  to  the  plate,  and  was 
pod  ter  an  additional  30  rr mutes,  this  time  at  RT  The  plate  was  then  read  at  Ab55.  and  the  second  (blue)  photograph  was  token 
The  dat3  :r.  Figure  3  corresponds  to  these  plates. 


Sheryl  G.  Hohle 


o  10  20  30 

ng/ml  Pf*BC 


ng/ml  Pv247-BC 


FIGURE  3.  Tri-ELJSA  ANALYSIS  -  FINAL  KIT.  Assays  were  conducted  using  the  tri-enzyme  ELISA  malaria  kit  for  the  analysis 
of  the  three  Plasmodium  antigens.  In  each  test,  fresh  non -ly totalized  antigens  were  used  both  individually  and  as  a  mixture  (Pf-BC, 
Pv210-BC,  and  Pv247-BC).  The  background  (no  antigen)  uosorbance  values  were  as  follows,  for  the  Pv210-BC  read  at  A570, 0.000.  for 
the  mixture  read  at  A570. 0  000,  for  the  Pf-3C  read  at  A405, 0.000,  for  the  mixture  read  at  A405, 0.006  ±  0.000,  for  the  Pv247-BC  read 
at  A655, 0.052  ±  0.006,  and  for  the  mixture  read  at  A655, 0.081  *  0.016.  n=4  for  all  samples. 
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- m — 

—  Pv-210-BC  KIT 

- D— 

—  Pv-210-BC 

FRESH 

- • — 

-  Pf-BC  KIT 

-  Pf*BC  FRESH 

- ■ — 

-  Pv-247.BC  KIT 

- □— 

-  Pv-247-BC 

FRESK 

FIGt  RE  4.  QL  A.NTITATI  VE  ELISA  -  FINAL  KIT.  Assays  were  conducted  using  the  malana  kit  for  the  quantitative  analysis  of 
the  three  Plasmodium  antigens  The  "KIT'  lyophili7ed  and  reconstituted  anttgens  were  compared  to  the  "FRESH”  non-lyophilized 
ariig  ns  The  nackgrojnd  (no  antigen)  absorbance  values  were  as  follows:  for  the  Pv210  Kit,  0.163  £  0.026;  for  the  Pv210  fresh.  0.124 
-  0  nil.  for  the  Pf  Kit.  0  418  £  0  029.  for  the  Pf  fresh.  0  312  £  0.009.  for  ’he  Pv247  Kit.  0  161  £  0  007.  and  for  the  Pv247  fresh.  0  191 
r  0  32 1  These  unusually  high  backgrounds  are  most  likely  due  to  a  faulty  plate  washer.  n=4  for  all  samples. 
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Malaria  Test  Kit  Introduction 

Thl*  Wt  contains  the  components  necessary  for  rur.nlng  three  different  malaria  EUSAs.  The 
Trt-enzyme  ELISA  and  the  Quantitative  EUSA  have  been  designed  for  the  detection  of  Plasmodium 
Wvax-210,  Plasmodium  fakd'^arvm,  and  Plasmodium  vlvax  -247  type  sporozoites  Isolated  from  the 
salivary  glands  of  infected  mosquitoes.  The  Human  Serum  ELISA  has  been  developed  to  test  human 
subjects  for  titers  raised  against  the  three  types  of  Plasmodium  sporozoites  listed  above. 

Kit  Abbreviations 

HRP*  Horseradish  peroxidase  enzyme. 

TNT*  50  mMTris,  150  nrMNaCI,  0.05%  Tween  20.  Store  up  to  one  week  at  room 
temperature  or  one  month  at  4’C. 

Malaria  Test  Kit  Components  (Store  at  4°C) 

♦  2  Praooated  Antibody  Plate* 

Microtiter  plates  ooated  with  2  pg/mi  each  of  Plasmodium  Wnu-210,  Plasmodium 
faldparum,  and  Plasmodium  Wvax-247  monodonaJ  antibodies  and  stabilized  with 
Stab* Coat™  immunoassay  Stabilizer.  Plates  are  supplied  in  ft*  packages  containing 
desiccant. 

♦  8  Plate  Sealers 

Oynatech  Laboratory  plate  sealers.  Catalog  #  001-010-3501 . 

a  1  tyophlltzad  P.Wva*210  Antigen  (red  cep) 

Plasmodium  vlvax  -210  protein  ( NS1V20 )  conjugated  to  boiled  casein. 

Contains  500  ng  of  lyophtllzed  antigen.  Reoonstitute  wfth  1  ml  dlH2Obefae  use. 

♦  t  tyophilbed  P.fafdparum  Antigen  (yellow  cap) 

Plasmodium  falc/parum  R32tet32  protein  -  boltod  casein  conjugate. 

Contains  500  ng  of  lyophtllzed  antigen.  Reconstitute  with  1  ml  dlH20  before  use. 

♦  1  tyophilbed  PMvm r  -247  Antigen  (blue  cap) 

Plasmodium  vlvax* 247  peptide  (Ala-^Cty),  conjugated  to  boded  casein. 

Contains  10  pg  of  lyophtllzed  antigen.  Reconstitute  with  1  m!  dlH20  before  use. 

♦  1  tyophlltxed  Enzyme  Conjugate  Cocktail 

Contains  a  mixture  of  160  pg  Plasmodium  vlvax  -21 0  antibody-alkaline  phosphatase 
conjugate  and  160  pg  Plasmodium  falciparum  antibody*^*  galactosldase  conjugate.  Fa  use 
In  Tri-enzyme  EUSA.  Reconstitute  wfth  20  mis  of  diluted  (ipg/ml)  P.  Wv*u 247  Enzyme 
Conjugate  before  use. 

e  1  UqirtdP,vfanr«21G  Enzyme  Conjugate 

Ptasmodtum  vlvax antibody-haserejish  peroxidase  (HRPJoonjugate.  Fa  use  In  the 
Quantitative  ELISA.  20  ml  supplied  at  use  concentration  (0.5  pgftni)  in  SuperZym  stabilizer 
4-0.01%  thimehsoi. 

♦  1  liquid  P.fatctparvm  Enzyme  Conjugate 

Plasmodium  fakipanxn  antibody -HHP  conjugate.  Fa  use  In  the  Quantitative  ELISA. 
20  mt  supplied  at  use  concentration  (0.5  pg/ml)  In  SuperZym  stablllzer+0.01%  thfmerlsol. 

a  1  liquid  PMvaxUl  Enzyme  Conjugate 

Plasmodium  vfvax-247  antlbody-HRP  conjugate.  Fa  use  In  theQuantttattve  ELISA..  2  ml 
supplied  at  a  I0x  concentration  (10  pg/ml)  In  SuperZym  stabiHzer+0.01%  thfmerlsol. 

♦  1  liquid  AntMgQ  Enzyme  Conjugate 

Amt-human  IgG-Fc-horseradlsh  peroxidase  conjugate.  For  use  In  the  Human  Serum 
ELISA.  20  ml  supplied  at  use  concentration  (0.5  pgTrnf)  in  SuperZym  xtabWzer+0.0t% 
thimerlsof. 

a  1  tyophtltzad  Common  Subatrate 

Reconstitute  with  20ml  of  dlH.O  befae  use  In  Tri-enzyme  ELISA.  Contains  o-nftropheryt 
gaJactopyranosWe  and  phenofphthalein  diphosphate  In  giydne  buffer. 

a  1  HRPSubatrata 

25  ml  bottle  of  TM9, 3.3'5,5Metram  ethyl  benzidine.  Use  as  substrate  fa  the  Quantitative, 
Human  Serum,  a  Tri-Enzyme  ELiSA. 
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Important  tips  for  optimal  assay  performance 

•  Um  high  quality  d*loniz*d  H}0  to  reconstitute  th«  lyophlllzod  rugsnts 

•  For  optimal  aasay  Mnsltlvtty  and  reproducibility,  ws  auggaat  parts rmlng  all  aaaay 
Incubations  at  37” C  In  an  environmental  shakar,  whh  tha  exception  o(  tha  HRP  substrata 
Incubations  which  should  be  performed  at  room  temperature.  All  assay  Incubations  may  be 
performed  at  room  temperature,  but  tne  sensitivity  and  reproducibility  may  be  reduced. 

•  Do  not  expose  the  assay  components  to  sunlight  and  do  not  perform  the  assays  outdoors. 


The  Tri-enzyme  EUSA  is  a  screening  assay  which  enables  the  assay er  to  vtsualy 
detect  the  presence  of  zero  to  three  species  of  Plasmodium  sporozoites  in  a  single  assay  wel 
by  the  development  of  zero  to  three  different  colors  (red,  y el  tow,  and  blue)  where  each  color 
corresponds  to  a  different  Plasmodium  sporozoite.  (See  figure  1 ). 

The  Tri-enzyme  EUSA  is  a  ’sandwich”  EUSA  which  works  on  the  following 
principle:  Precoated  antibody  plates  provided  in  this  kit  are  coated  with  a  stable,  dry  mixture  of 
the  three  different  monoclonal  capture  antibodies  developed  against  Plasmodium  vivax- 210, 
Plasmodium  falciparum,  and  Plasmodium  vivax  -247  sporozoites.  The  antibody  plates  are 
reconstituted  by  soaking  the  plates  with  assay  buffer  for  at  least  IS  minutes  and  then  washing 
the  ptates  with  fresh  buffer.  Then  mosquito  triturate  test  samples,  positive  controls 
[circumsporozoite  (CS)  proteins  or  peptides  conjugated  to  boied  casein]  and  negative  controls 
(assay  buffer  or  known  negative  mosquito  triturate)  are  added  to  wells  and  incubated  for  one 
hour  to  allow  the  CS  antigen,  if  present,  to  form  an  antibody-antigen  complex  with  the 
appropriate  antibody.  Then  the  wells  are  washed  and  an  enzyme  conjugate  cocktail  is  added 
which  contains  the  P.  vivax- 210,  P.  falciparum,  and  P.  vivax- 247  monodonal  antiboctes 
conjugated  to  three  different  enzymes  (alkaline  phosphatase,  f)-gaiactosidase  and  horseradish 
peroxidase,  respectively).  If  one  or  more  of  the  antigens  is  present  in  the  well,  the  appropriate 
antibody-enzyme  conjugate  or  conjugates  wil  bind  and  complete  the  ’sandwich.’  After  another 
hour,  the  plate  is  washed  and  the  substrate  is  added  in  two  steps.  The  Step  1  Common 
Substrate  Solution  is  a  colorless  solution  which  contains  chromagenlc  substrates  for  afcaire 
phosphatase  (AP)  and  fi-galactosidase  (P-gal).  The  Common  Substrate  Solution  wil  produoe  a 
yellow  color  in  the  well  if  the  P.  faldporum-^gah  conjugate  is  present  and  a  red  color  in  the  wel 
if  the  P.  vivax- 210-AP  conjugate  is  present  If  both  the  P.  fakiparum-$-gal  and  P.  wvax-210- 
AP  conjugates  are  present  the  wei  wil  be  orange.  After  a  30  minute  incubation  with  the 
Common  Substrate  Solution,  a  colorless  Step  2  HRP  Substrata  Solution  (TMB/H20?)  is  added 
which  pioduces  a  blue  color  in  wells  containing  P.  vivax  -247-HRP  conjugate.  Sroutbaneousfy. 
the  HRP  Substrate  Solution  completely  quenches  al  the  red  color  and  most  of  the  yeliew  color 
(highly  positive  P.  falciparum  wells  may  retain  some  light  yellow  color).  Therefore,  if  al  three 
CS  antigens  are  present  the  wel  wil  be  orange  alter  the  addition  of  the  Step  1  Common 
Substrate  Solution  and  blue  (or  possibly  green  if  highly  positive  for  P.  falciparum)  after  addrton 
of  the  Step  2  HRP  Substrate  Solution 

Tne  Tn-enzyme  EUSA  is  less  sensitive  than  the  Quantitative  ELlSAs  that  foUcw. 
and  is  intended  to  be  used  only  as  a  screening  tool.  Once  the  type  or  types  of  sporozoites 
present  in  a  sample  have  been  identified,  a  Quantitative  EUSA  should  be  run  for  verification 
and  quantitation  of  the  sporozoite  or  sporozoites  present. 
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THE  TRI-ENZYME  ELISA  ASSAY 

1 .  Add  TNT  buffer  (1 00-200  pi/welt)  to  Precoated  Antibody  Plates,  soak  at  least  1 5-20  minutes. 
Meanwhile,  prepare  test  samples  and  positive  antigen  controls  Reconstitute  positive  antigen 
controls  with  1  ml  dlH2Q  and  dilute  as  follows  In  TNT  buffer. 

P.vivax  -210  Antigen: 

Reconstituted  stock  -  500  ng/ml.  Dilute  oontrol  to  25  ng/ml. 
ng/ml  -  50  pi  stock  plus  950  pi  TNT  buffer. 

P.  taJdparvm  a  iigen: 

Rtovistltuted  stock  -  500  ng/ml.  Dilute  control  to  25  ng/ml. 

25  ng/ml  -  50  pi  stock  plus  950  pi  TNT  buffer. 

P.vivax  -247  Antigen: 

Reconstituted  stock  -10  pg/ml.  Dilute  control  to  500  ng/ml. 

500  np/ml  -  50  pi  stock  plus  950  pi  TNT  buffer. 

Mixture  of  all  three  antigens: 

25  n^ml  P.vivax  -210  Antigen  ♦  25  ng/ml  P.  falciparum  Antigen  +  500  ng/ml 
RWvaur-247  Antigen:  -  50  pi  of  each  stock  850  pJ  TNT. 

[Note-  If  only  one  plate  Is  being  run  In  the  assay,  the  unused  reconstituted  antigen  stocks 
may  be  stored  >efrigerated  for  up  to  1  week.  Fa  longer  farm  storage,  store  frozen], 

2.  Wash  plates  3  times  with  250  pi  TNT  buffer.  Than  add  test  samples  (50-100  pi/well), 
negative  controls  JNT  buffer  or  negative  mosquito  triturate,  100  pi/well)  and  positive  antigen 
control*  (100  pi/well). 

Incubate  for  1  hour  at  37*C. 

3.  Wash  plates  3  times  with  250  pi  TNT  buffer.  Prepare  the  three  enzyme  conjugate  mixture  as 
given  below  and  add  the  conjugate  mixture  to  the  plate  (100  pi/well). 

Enzyme  Conjugate  Mixture  Preparation: 

Dilute  the  vial  containing  2  ml  of  10  pg/ml  P.vlvax-247  Enzyme  Conjugate  w  th  18 
ml  ol  TNT+  a  blocking  protein  (we  recommend  1%  BSA).  Then  use  the  diluted 
P.vivax  -247  Enzyme  Conjugate  to  reconstitute  the  iyophlllzed  Enzyme  Conjugate 
Cocktail.  Mix  well. 

I Note -  If  only  one  plate  Is  being  run ,  reconstitute  the  Enzyme  Conjugate  Cocktail  with  2  ml 
dlbtp.  Then  prepare  the  enzyme  conjugate  mixture  by  mixing  1  ml  of  reconstituted  Enzyme 
Conjugate  Cocktail,  1  ml  of  10  pg/ml  P.vivax  -247  Enzyme  Conjugate  and  8  mis  of 
TNT+bkxking  protein .  Store  the  unused  reconstituted  Enzyme  Conjugate  Cocktail  at  4° 

C  and  use  within  a  few  days  for  optimal  activity]. 

incubate  for  1  hour  at  37*C. 

4.  Wash  platas  5  times  with  250  pi  TNT.  Add  the  Common  Substrate  (100  pi/well). 

Common  Substrate  Preparation: 

Add  10  ml  H20  and  mix  vigorously;  It  may  take  5-10  minutes  for  ail  of 
the  iyophlllzea  reagent  to  dissolve. 

[Note-  Store  unused  Common  Substrate  fa  up  to  1  week  et  4*  C.  Discard  It  the  solution 
beaomee  cloudy  or  noticeably  dlscolaed  (a  light  pink  a  yellow  hue  Is  acceptable)/. 

Incubate  for  30  mlnutee  at  37*0. 

5.  Identify  wells  containing  P.  vfvax  Antigen  and  P.  fatdparium  Antigen. 

P.  vfvax  -21 0  Antigen  -  reddish  or  pink  colored  wells,  absorbance  may  be  read  at  570  nm. 

P.  faidparium  Antigen  -  yellow  colored  wells,  absorbance  may  be  read  at  405  nm. 

P.  vfvax  -21 0  Antigen  and  P.  faidparium  Antigen  mixture  -  orange,  pinkish  orange  or 
yellowish  orange  colored  weHs;  absorbance  may  be  read  at  405  and  570  nm. 

6.  Next,  add  the  MRP  Substrate.  (Note  -When  the  HRP  Substrate  Is  added,  the  red  ookx  will 
disappear  and  the  yellow  color  will  either  lighten  or  disappear) 

Incubate  for  30  minutes  at  room  temperature . 

7.  After  30  minutes,  visualize  wells  as  folows  or  read  on  a  plate  reader  at  655nm. 

Pvlvax  -247  Antigen  «  blue  colored  wells  (or  possibly  green  wells  If  the  test  sample 
contains  a  Ngh  level  of  P.  falaparlum  antigen),  absorbances  may  be  read  at  655  nm 


Figure  1:  Tri*ELISA 


The  tri-ELISA  is  to  be  used  for  screening  mosquitoes  in  the  presence  of  one,  two,  or  three  species  of 
Plasmodium ,  It  is  a  qualitative,  noninstrumented  sandwich  ELISA,  comprised  of  a  polystyrene  96 
well  plate  pre-coated  with  three  capture  antibodies  (P.  wvoz-210,  P.  falciparum  and  P.  vivax- 247); 
malaria  antigen  peptides/proteins  coupled  to  boiled  casein  (BC)  (P.  vtvox-210-BC  (  O  )»  P. 
falciparum* BC  (  ■  ),  and  P.  Wwuc-247-BC  (  A  ));  a  common  enzyme  conjugate  mixture;  and  a  vwo 
step  substrate.  The  assay  steps  are  represented  by  the  following  diagram: 


Precoated  antibody  plates  are 
removed  from  their  package, 
soaked  with  buffer  for  15  minutes, 
and  washed. 


Next,  BC-antigen  controls  and 
mosquito  extract  samples  are 
added  to  separate  wells  and  allowed 
to  incubate  1  hour. 


After  a  wash  step,  the  common 
enzyme  conjugate  cocktail  mixture 
is  added  and  allowed  to  incubate 
for  1  hour. 


P.v-247  Ag+  P.v-210  Ag+  Pf  Ag+ 


■UTkiiTW 


^  =anti-P.v*247-puroxidase  £  =ami-P.v-2 10-alkal me  phosphatase  Xx  =ami-P/*Pgal«tosidase 

Following  a  wash  step,  the 
common  substrate  solution  is 
added.  Wells  containing  P.v-210 
antigen  turn  red,  and  wells 
containing  P/antigen  turn  yellow. 


After  30  minutes,  HRP  substrate 
is  added  and  incubated  30  minutes 

Writs  coriainhlg  P.v* 247  antigen 

turn  blue,  while  the  red  and  yellow 
colors  are  quenched. 


BLUE  RED  YELLOW 
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This  kit  contains  the  components  tor  running  three  different  quantitative  ELlSAs:  the 
Plasmodium  vfvax  -210  sporozoite  ELISA,  the  Plasmodium  falciparum  sporozoite 
ELISA,  and  the  Plasmodium  vfvax  -247  sporozoite  EUSA  (see  figure  2).  Each  of  these 
assays  is  a  sandwich  assay  similar  to  the  trt-EUSA  assay  given  above  except  that  only  one 
enzyme  conjugate  is  added  per  EUSA  [P  v/vax-210-HPP,  P.  fatdpanimMPP,  or  r.vlvax-247- 
HRPJ.  TMB/H202  is  used  as  the  substrate  for  the  HRP  conjugates,  and  the  absorbances  of 
the  test  samples  and  controls  are  read  on  a  plate  reader  at  655  nm  after  30  minutes.  The 
amount  of  CS  antigen  in  the  test  sample  is  quantitated  by  comparing  the  absorbance  of  the  test 
sample  to  a  standard  curve  of  CS  antigen-boiled  casein  (BC)  conjugates.  The  number  of 
sporozoites  present  per  mosquito  may  then  be  estimated  from  the  amount  of  CS  antigen 
present  If  the  absorbance  of  the  sample  Is  higher  than  the  highest  absorbance  on  the 
standard  curve,  the  sample  should  be  diluted  in  assay  buffer  and  run  again. 

QUANTITATIVE  EUSA  ASSAY 

1 .  Add  TNT  buffer  (1 00-200  pi/welt)  to  Precoated  Antibody  Plates,  soak  at  least  1 5-20  minutes. 
Meanwhile,  prepare  test  samples  and  dilute  the  appropriate  positive  antigen  contra! 
Reconstitute  positive  antigen  controls  with  t  mi  dJH20  and  dilute  In  TNT  buffer  as  follows. 

P.vlvax  210  Antigen: 

Reconstituted  stock  -  500  ng/ml.  Dilute  control  to  25  ng/ml. 

25  ngrmt  -  50  pi  antigen  plus  950  pJ  TNT  buffer. 

Prepare  a  200  pg/rrti  stock  (20  pi  of  25  no/ml  ♦  2.48  ml  TNT) 

Next,  serially  dilute  in  two  fold  dilutions  (1  ml  sample  +1  ml  TNT)  to 
1 00,  50, 25, 1 2.5, 6.25,  and  3.1 3  pgftl 
P.faicfparum  Antigen: 

Reconstituted  stock  *  500  ng/ml.  Dilute  control  to  25  ng/ml. 

25  ng/ml  -  50  pi  antigen  plus  950  pi  TNT  buffer. 

Then  prepare  a  800  pg/ml  stock  (80  pi  of  25  ng/ml  +  2.42  ml  TNT) 
Next,  serially  dilute  in  two  fold  dilutions  (1  ml  sample  <*>1  ml  TNT)  to 
400, 200, 100, 50, 25.  and  12.5  pg/ml. 

P.vIvbx  -247  Antigen: 

Reconstituted  stock  -10  pg/ml.  Dilute  control  to  500  ng/ml. 

500  ng/ml  - 100  pi  antigen  plus  1900  pi  TNT  buffer. 

Next,  serially  dilute  to  250, 1 25, 62.5, 31 .3,  and  1 5.8  ng/mi 
[Nora-  The  unused  reconstituted  antigen  stocks  may  be  stored  for  1  week  at  4* 

C.  For  longer  term  storage,  store  froxeri\. 

Incubate  for  1  hour  at  37*C. 

2.  Wash  plates  3  times  with  250  pi  TNT  buffer.  Add  test  samples  (50-100  pi/well),  negative 

controls  (TNT  buffer  or  negative  mosquito  triturate,  100  pi/well)  and  positive  antigen 
controls  (100  pi/well).  Incubate  for  1  hour  at  37*C. 

3.  Wash  plates  3  times  with  250  pi  TNT  buffer.  Add  the  appropriate  conjugate,  100  pi/well. 

The  P.vlvax  -210  and  P.faidparum  Enzyme  Con|ugates  are  supplied  at  use  concentration 
and  may  be  directly  added  to  Tie  plate  without  dilution.  The  P.vlvax  -247  enzyme  conjugate 
should  b8  diluted  !n  18  mis  TNT+a  blocking  protein  (we  recommend  i%  0SA)  prior  to 
addition  to  the  plate.  Incubate  for  1  hour  at  37°C 

4.  Wash  5  times  with  250  pi  TNT.  Add  HRP  subs'^ate.  Incubate  30  mlnutaa  at  RT  and  read 
on  a  plate  reader  at  655  nm. 
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Figure  2:  Quantitative  ELISA 


fn°ZlT\i°:  the  qUan'ita"'Ve  de,er,r  :nation  of  each  type  „f  soorozoi.e  in  mosquitos  are  included 
w“  P^y  df  sloped  by  Dr.  Wirtz  and  associates;  (hi  only  difTeniuxil 
at  this  assay  will  be  performed  using  (.re-coated  antibody  plates.  The  quantitative  FI  ica  i.  aim 
and., ch  a*a,  b„,  i,  dm  difWiatt  ntajd in  " 


Precoated  antibody  plates  are 
removed  from  their  package, 
soaked  with  buffer  for  15  minutes, 
and  washed. 


Neat,  OC*antigen  controls  and 
mosquito  extract  samples  are 
added  to  separate  wells  and  allowed 
to  incubate  1  hour. 


/’.v-247  Ag+  F.v-210  Ag,  F./Ag+ 


"W”1 iiiiTlij/’ 


After  a  wash  step,  the  enzyme 
conjugate  is  added  and  allowed 
to  incubate  for  1  hour. 


% 


^ii-/,.v-247-peroxidase 


^  =anti-/>  v-2 10-peroxidase 


^  =ami-P  /-peroxidase 


Following  a  wash  step,  the 
HRP  substrate  soli  ♦.ion  is 
added  and  allowed  to  incubate 
30  minutes.  The  plate  is  read 
using  a  microtiter  plate  reader. 

BLUE  BLUE  BLUE 
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Figure  3:  Human  Serum  ELISA 


e  uman  Serum  ELISA  will  be  used  to  screen  human  serum  samples  for  antibodies  developed 
against  circumsporozoite  antigens.  The  pre-coated  antibody  plate  will  be  used  to  capture  the 
appropriate  antigen,  then  the  *>r0r  vunples  will  be  added  followed  by  anti-human  IgG  enzyme 
corrugate  and  enzyme  substra* 


Precoated  antibody  plates  are 
removed  from  their  package, 
soaked  with  buffer  for  IS  minutes, 
and  washed. 

Next,  BCantigen  controls  and 
mcaquito  extract  samples  are 
tdded  to  $  eparate  wells  and  allowed 
to  incubate  1  hour. 


P .y-247  Ag+  P.v-210  Ag>  /*/Ag+ 


and-P. v*247+  and-p,^ 210-  and-PJ  - 


Following  a  wash  step, 
serum  samples  diluted  1:100 
in  buffer  are  added  and  incubated 
for  1  hour. 


After  a  wash  step,  the  enzyme 
conjugate  is  added  and  allowed 
to  incubate  for  1  hour. 

=*nu.human-IgG-pero-''lase 
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Following  a  wash  step,  the 
HRP  substrate  solution  is 
added  and  allowed  to  incubate 
30  minutes.  The  plate  is  read 
using  a  microti  ter  plate  reader. 


BLUE  NO  CO!  OR  NO  COLOR 
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The  Human  Serum  EUSA  is  used  to  test  human  serum  samples  for  exposure  to 
Plasmodium  Wwur-210,  Plasmodium  falciparum,  or  Plasmodium  Wvax-247  malaria  In  this 
assay,  precoated  antibody  plates  are  Incubatod  with  one  of  the  CS  antJgervBC  conjugates. 
Then,  human  serum  test  samples  and  controls  (positive  and  negative  serum  control  samples) 
are  added  and  Incubated  for  1  hour.  If  human  antibodies  against  the  CS  antigen  are  present  in 
the  sample,  the  antibody  will  bind  to  the  CS  antfgen-BC  conjugate.  The  sample  Is  then  washed 
and  a  goat  anti-human-IgGFc  HRP  conjugate  is  added  which  wll  bind  to  human  antibodies 
present  In  the  well.  After  incubation  for  one  hour,  HRP  substrate  is  added  and  blue  color  will 
develop  in  wells  containing  positive  serum  samples.  (See  figure  3). 


Human  Serum  EUSA 

1 .  Add  TNT  buffer  (1 00-200  pl/well)  to  Preooated  Antibody  Platts,  soak  at  latst  1 5-20  minutes. 
Meanwhile,  dilute  the  appropriate  positive  antigen  control.  Reconstitute  poelttvn  antigen 
controls  with  1  ml  dlHa0  and  dilute  In  TNT  buffer  as  follows. 

P.Wwr-210  Antigen: 

Reconstituted  stock  -  500  ng/ml.  Dilute  control  to  25  ng/ml. 

25  ng/ml  -  50  pi  antigen  plus  950  pi  TNT  buffer. 

Then  prepare  a  200  pgiml  stock  (200  pJ  of  25  ng/ml  ♦  24.8  ml  TNT) 

P.  falciparum  Antigen: 

Reconstituted  stock  -  500  ng/ml.  Dilute  control  to  25  ng/ml. 

25  ng/ml  -  50  pJ  antigen  plus  950  pi  TNT  buffer. 

Then  prepare  a  800  pg/ml  stock  (800  pJ  of  25  ng/ml  ♦  24.2  ml  TNT). 

P.  vtvwc  247  Antigen: 

Reconstituted  stock  -10  pg/ml.  Dilute  control  to  500  ng/taf. 

500  ng/ml  - 1000  pi  antigen  plus  19  ml  TNT  buffer. 

[Note-Unused  reconstituted  antigen  stocks  may  be  stored  for  1  week  at  4*  C.  For  longer 
term  storage ,  store  frozeh\. 

2.  Wash  plates  3  times  with  250  pi  TNT  buffer.  Then  add  positive  antigen  controls  to  both 
plate  (100  pl/weli). 


Incubate  for  1  hour  at  37*C . 

3.  Wash  plates  3  times  with  250  pi  TNT  buffer.  Then  add  positive  and  negative  serum 
controls  as  well  as  sarum  samples  (100  pi/welf). 

Incubate  for  1  hour  at  37*C. 

4,  Wash  pf3!e$  ihroe  times  vith  250  pJ  TNT  butler.  Add  the  Antt-igG  Enzyme  Conjugate  to  the 
plates,  1 00  pi/weil. 


Incubate  for  1  hour  at  37*C. 

5.  Wash  plates  five  times  with  250  pJ  TNT.  Add  HRP  Substrata  and  Incubafe  for  30 

minutes  at  room  temperature.  Read  plates  after  30  minutes  at  655  nm. 
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